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Enhancing erythromycin precursor 6-dEB production by
using synthetic small regulatory RNAsin Escherichia coli

Shujie Song™?, Zhigiang Xiong"', and Yong Wang*

1 Key Laboratory of Synthetic Biology, Institute of Plant Physiology and Ecology, Shanghai Institutes for Biological Science,
Chinese Academy of Science, Shanghai 200032, China
2 Marine Medicine Laboratory, College of Food Science & technology, Shanghai Ocean University, Shanghai 200306, China

Abstract: Although heterologous biosynthesis of polyketide erythromycin has been successfully achieved in Escherichia
coli, the titer remains at a very low level (~10 mg/L). In this study, based on genome-scale metabolic model of E. coli, in
silico method flux distribution comparison analysis was used to discover novel potential targets for heterologous 6-dEB
biosynthesis. Synthetic small regulatory RNAs (sRNAs) was used to experimentally test 12 down-regulated targets. The
results showed that repression of each of these target genes e.g. IsrC and ackA led to significantly improve heterologous
6-dEB biosynthesis. Using co-repression of IsrC and ackA, 6-dEB titer was improved by 59.9% in shake-flask with a

maximum yield of 22.8 mg/L. This study indicates that combined flux distribution comparison analysis and synthetic small

regulatory RNAs is an effective strategy to improve 6-dEB production in E. coli.

Keywords:
synthetic small regulatory RNAs

LI R JE HUT R W20 A W EY & R 5
RANTHERENEA G, HAYG MRy g
SE LB, A IR A A RIS AL R
s AT AR B T el . e R AR, K
F A AT LA JFE R A 1 S D O R 3R R R R it A%
PR ke K hy SR S D G 1 S v E T
Z—. WA MY F R, HETE & m ik
T ACP &M . AIMARHEN . 2185 N R 3R 5 &1
S RSB T AR KA R B R IR A
Ao HEs A AR BB, Wi T2 MR,
R T BokiRa E 1 , 2003 4F Murli 2P pecB
1 pccA JE [ % 45 51| Escherichia coli 2% B BL Py —
Tk A IR yofG {7 4%, [RlEF A RSF1010 ()
52 I IR 7 5 i # pET28a K T pBR322 HyAL 1A
P, ¥ pBP144 ik pKOS207-129, #4531
PR K207-3/pK0OS207-129/pBP130 7+

http://journals.im.ac.cn/cjben

Escherichia coli, 6-deoxyerythronolide B, heterologous biosynthesis, genome-scale metabolic model,

AT LIRS 22.5 mg/L 19 6-dEB. Lau M| 1%
WK, 7E S LAY BA T, DAatehe ik
TR R SR, 98T 1.1 g/L 1Y 6-dEB, iX
R AR, 6-dEB SHEAEY) A A i 40
Fo NTHBEEFEAGNREEN, Wang H
IR REIAEIER eryAl, eryAll il eryAlll
i e (R T 2 Red/ET J5 15884 A K AT R e
ik b, R T RaREmmRE R, 52
A BORIERIB M L, B RE AT AR E 1 B L
P Ek 6-dEB. Wang Z0E B #F 5T &
B, FELBEEZME P RRE SR HRA
T2 G LT 3k R % 2155 28 1 A 4 A A A
o 3 7E R AP B i s i, Kk
AT E  6-dEB 7= BHR R T A,
iR TR T B, 4 K AT 1 S IR A AR
AL A T — R B E ik
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JRAE DAL R R N ARER B R 5 U5 A 5
PAR TE R, ERAREEE TS 20,
tean, HETLHETE ML ER P REK 6-dEB
T B R R R H TP U 292 1.1 g/L,
MELE R TR WAL R A BLLE R CTER
AR B RN EE T 1 mg/L. A KB
JA . B ERAE S 2R, XKLL
RN E 7 RELEE Z R L, TR BRI
2R (AP B, R Z EAHR A
B ATk 5-10 g/L). AR LT 4 R AR
I 45 BERY Y in silico BERRLTTEE & B, 78 H Al
AR GFF R 18 F LR 5 IEG i, Bl
LT RENEREE, HPUAZ 5%-10%1
BIREES 5 7 R 06 B, i H A i i 4 R
LN FE R, WIHFAS SR AEY &, it
BRI, B KA R G R AL S i 52
PR i A H] T EEARE Y 1/10 A, XU
A RIR T WAL IS B A0 e b Y S S AT AT ELR
e TE s ], AU G AR B & R X
FERT B . FRATT T B ix — 52 e AU I 2% Y AR Joit
AE LA EIR)Z RN, DL s |t
R A IR RS

WAk, A R EACHEIR (Genome-
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PR AT TSR TH B RS = B . Bl A 5
M H #32 Fm MoE s, KIGAFR . BRI 2
AR 4 D A AR I 5 A R A DL A 2
B 28 B ) AR ) 255 B o0 B ik (AR
43 HF (Metabolic flux analysis, MEFA)!'' 12! il
-5 43 87 (Flux balance analysis, FBA)., /MY
B & g by
adjustment, MOMA)!"128) - AAITa] % 15 3= 41 iy

(Minimization of metabolic

A 2R Y R A AR RSN, DA e B — ST
RESZ MR HARAL & 97 5 (9 SCHETY sl % i
A S il TS AT S A A A Y A IR
DL, 75 5 2 BBk 2R ICH0 38 [] bR 0 5
T HAR Byt . ZERTIE S,
B X LL% R G OCHE P AA 6dEB R4 i
PR R (XL AT S A B il AT
AR, oA T HAEAS 6] S 051 3 b i s ok 3
W E SIS AR SCHE R LA KO i
7 AR A B G P TE B R

ABFFE R, RATERET Fiest LAY
E. coli ZENAH RIEACHHE R iAF1260, FIH] in
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FEH ., RH sRNA (Synthetic small regulatory
RNAs) FA, XFUUF I8 09 SC i AT T S0 5
IouE (BDZE#IEAKF it sRNA T3R5
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mRNA %54, DT BH i #8 5E K ) mRNA 526
A EE, akmiimdFE R R 1 B R B), IFH
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1 #rErE

11 B BRALKRAEXIRF

W ¥k E. coli DH10B fE Ry safers £, Wbk
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* 1 AWRFr R EIRE#A R
Tablel Plasmidsand strainsutilized in this study

S;rlzisl;izd Relevant characteristics Source

WG F-ompT hsdSB (rB-mB-) gal dem (DE3) DprpRBCDHT 7prom-sfp, T7prom-prpE Stored in our lab
F-endA1 recAl galE15 galK16 ni L AlacX74 ®80lacZAM15 araD139 A (ara, 1

DH10B A (s f;M SS_ n%zerCi th ps acX74 ®80lac 5 araD139 A (ara, leu)7697 Invitrogen
BL21 (DE3) F-ompT gal dem lon hsdSB (rB- mB-) A (DE3 [lacl 1lacUVS5-T7 gene 1 ind1 sam7 nin5]) Invitrogen
pZGO07 pET21c derived, T7prom-DEBS2-ribosome binding site-DEBS3-T7term, ampicillin Stored in our lab
pZGO08 pET28a derived, T7prom-pccB-rbs-accAl-T7prom-DEBS1-T7term, kanamycin Stored in our lab
pIF650 f)ﬁf(;;ince]’):;g;; ni:;/szl;lwhose T7 promoter site was replaced with deo-snRNA sequences This study
pSJ02 pJF650 derived, carrying Pr Promoter-tdcD binding site-micC-Pr terminator, chloramphenicol ~ This study
pSJO7 pJF650 derived, carrying Pr Promoter-pflD binding site-micC-Pr terminator, chloramphenicol — This study
pSJO8 pJF650 derived, carrying Pr Promoter-paaF binding site-micC-Pr terminator, chloramphenicol This study
pSJ09 pJF650 derived, carrying Pr Promoter-fadJ binding site-micC-Pr terminator, chloramphenicol — This study
pSJ10 pJF650 derived, carrying Pr Promoter-fadB binding site-micC-Pr terminator, chloramphenicol ~ This study
pSJI11 pJF650 derived, carrying Pr Promoter-ackA binding site-micC-Pr terminator, chloramphenicol This study
pSJ10 pJF650 derived, carrying Pr Promoter-pta binding site-micC-Pr terminator, chloramphenicol ~ This study
pSJ13 pJF650 derived, carrying Pr Promoter-leuD binding site-micC-Pr terminator, chloramphenicol —This study
pSJ14 pJF650 derived, carrying Pr Promoter-leuC binding site-micC-Pr terminator, chloramphenicol ~ This study
pSJ20 pJF651 derived, carrying Pr Promoter-ptsH binding site-micC-Pr terminator, chloramphenicol This study
pSJ21 pJF652 derived, carrying Pr Promoter-ptsl binding site-micC-Pr terminator, chloramphenicol ~ This study
pSJ53 pJF653 derived, carrying Pr Promoter-lIsrC binding site-micC-Pr terminator, chloramphenicol — This study
1.2 sRNAs FrhitaiE Bt, s R A Nde I #1 Hind TIDSUEGYT ;  [&) p

AWFFERH sRNAs P83 K AT 0 et (A3
o Bk ik U, 554044 deoB (4
T W R I W 25 1V B ) A sSRNAs 56 R P 4l i B
deoB-sRNA (# 2) (345 Pr Jii 8l F . deoB #iJL A
AL TE &b+, JREM 4505 A
Nde I #1 Hind IHE@@JUM) EHL R B A=) T
FEARA A B G M. #@it 5% pACYC-F
1 pACYC-R, LA pACYCDunet-1 Mtk , volE
BE A SEERPUER plsA EHl TR
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KM Ndel F1 Hind HIXUEEY) FiRfb27 & i
deoB-sRNA J3 5l i Bt I 135 SO U1 5 10 226,

1A - BeF deoB-sRNA - Beif ik TADNA 4 12 i
B, 15 2B TR pJF650,
DL & JFORL pIF650 Asisl, R A 25 uL 11

PCR AR : 2xGC ZEnpik 1 12.5 pL, FTFESI
Y14 0.25 uL, dNTPs 2.5 pL, BiH FkL 0.25 uL,
LA Taq i 0.25 pL, ddH,O 5tk B b e &2
25 uL; MR 2 g5y, st E S 978 PCR
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P3G B ARAT RE L 55 10 I AT TR P AS [ ki ik JFRE pJF650 MR , i it E R7AE PCR HAH
[H 223K 1% sSRNAs JFOL, LIS EES AL tdeD #JEIN pIF650 BRI 4 deoB HIJE[HI 45 4 i A JE A5 I,
(1 SRNA Uk R, R 4% 2 H1#Y tdeD-sRNA-F tdeD #EIE N 25 G0, 12 ﬁJZE%ﬁc tdeD J:[H

F tdeD-sRNA-R 519} ik PCR 2544, DItk

Y kL pSJ02.,

*x2 AMRETAEINSIY
Table2 Primersinvolved in this study

Primer name

Primer sequence (5-3")

tdeD-sRNA-F
tdeD-sRNA-R
pflD-sRNA-F
pflD-sRNA-R
paaF-sRNA-F
paaF-sRNA-R
fadJ-sRNA-F
fadJ-sRNA-R
fadB-sRNA-F
fadB-sRNA-R
ackA-sRNA-F
ackA-sRNA-R
pta-sRNA-F
pta-sRNA-R
leuD-sRNA-F
leuD-sRNA-R
leuC-sRNA-F
leuC-sRNA-R
ptsH-sRNA-F
ptsH-sRNA-R
ptsI-sRNA-F
ptsI-sSRNA-R
IsrC-sRNA-F
IsrC-sRNA-R
pACYC-F
pACYC-R
deoB-sRNA

CAAAACAACCGGAAATTCATTCATTTTCTGTTGGGCCATTGCATTGCC
ATGAATGAATTTCCGGTTGTTTTGGCAACCATTATCACCGCCAGAGGTA
GAGGCGAGAGATACGATTCGTCATTTTCTGTTGGGCCATTGCATTGCC
ATGACGAATCGTATCTCTCGCCTCGCAACCATTATCACCGCCAGAGGTA
ACGGCTGACGATCAGTTCGCTCATTTTCTGTTGGGCCATTGCATTGCC
ATGAGCGAACTGATCGTCAGCCGTGCAACCATTATCACCGCCAGAGGTA
GGTAAACGCTGATGTCATTTCCATTTTCTGTTGGGCCATTGCATTGCC
ATGGAAATGACATCAGCGTTTACCGCAACCATTATCACCGCCAGAGGTA
CAGGGTGTCGCCTTTGTAAAGCATTTTCTGTTGGGCCATTGCATTGCC
ATGCTTTACAAAGGCGACACCCTGGCAACCATTATCACCGCCAGAGGTA
AACCAGTACTAACTTACTCGACATTTTCTGTTGGGCCATTGCATTGCC
ATGTCGAGTAAGTTAGTACTGGTTGCAACCATTATCACCGCCAGAGGTA
GATCAGCATAATAATACGGGACACTTTCTGTTGGGCCATTGCATTGCC
GTGTCCCGTATTATTATGCTGATCGCAACCATTATCACCGCCAGAGGTA
GTGTTTGATAAATTTCTCTGCCATTTTCTGTTGGGCCATTGCATTGCC
ATGGCAGAGAAATTTATCAAACACGCAACCATTATCACCGCCAGAGGTA
TTTTTCGTATAACGTCTTAGCCATTTTCTGTTGGGCCATTGCATTGCC
ATGGCTAAGACGTTATACGAAAAAGCAACCATTATCACCGCCAGAGGTA
AATGGTAACTTCTTGCTGGAACATTTTCTGTTGGGCCATTGCATTGCC
ATGTTCCAGCAAGAAGTTACCATTGCAACCATTATCACCGCCAGAGGTA
GGATGCTAAAATGCCTGAAATCATTTTCTGTTGGGCCATTGCATTGCC
ATGATTTCAGGCATTTTAGCATCCGCAACCATTATCACCGCCAGAGGTA
GTTGTTCTGAATAAACTTCAGCATTTTCTGTTGGGCCATTGCATTGCC
ATGCTGAAGTTTATTCAGAACAACGCAACCATTATCACCGCCAGAGGTA
CCCAAGCTTCTGAAACCTCAGGCATTTGA

CGGGATCCGCGCAACGCAATTAATGTAA
CATATGGGATCCTAACACCGTGCGTGTTGACTATTTTACCTCTGGCGGTGATAATGGTTGCCACCA
TAATAAATGCACGTTTCATTTTCTGTTGGGCCATTGCATTGCCACTGATTTTCCAACATATAAAAA
GACAAGCCCGAACAGTCGTCCGGGCTTTTTTTCTCGAGCTCGAGCCAGGCATCAAATAAAACGA
AAGGCTCAGTCGAAAGACTGGGCCTTTCGTTTTATCTGTTTTTGTCGGTGAACGCTCTCTACTAG
AGTCACACTGGCTCACCTTCGGGTGGGCCTTTCTGCGTTTATAACTAGTAGATCTAAGCTT

cjb@im.ac.cn
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1.3 Insilico iRBIMAE 5 #8 s 7500

i AT B4 B B (Flux  distribution
comparison analysis, FDCA) J& it 37 7£ i & -
SyHT (FBA) JEfib b i) —Fi AR &t o0 B ik
B2 A SN )l AR Al &, ) A
ROFER, B—FH T (Bottom-up) WY,
A B G R K M A A TR 2 R AR 3 A 7Y
IAF1260 Sy iT5A 8y, o3 5| DLA:= Wy i Flde A 4L %
F B 6-dEB A MU AN Bk, #1738 & g
b, THEARR A AE A, R R
FW R (L), X UK U R 4L R
BER% 6-dEB Gl I T 78 A 1
14 EHRAEFRSLE
141 BEBREIES

# sRNAs Fiki (UL pACYCDuet-1 1 4 %} )
84k %) 6-dEB =4 1 E. coli WG (pZG07/pZG08)
H, PRECRER B S A AN E SR 100 pg/L.
R R 50 pg/L MEE R 34 pg/L Stk LB
FiFE i (NaCl10 g/L, &Ik 10 g/L, BEREEZE
Y 5eg/L, Hil15gL) #, 37 °C. 250 r/min 3
WIS, AEAR A
1.4.2 TBEBRM R BE

KR PR RS 3%« 78 100 mL = M$E i
BA 10 mL % e85 72307 (NaCl 10 g/L, & 1k
10 g/L, FEEE3RIERY) 5 g/L, Hh 15 gL,
100 mmol/L HEPES, pH 7.6, S H A EHEE
100 pg/L, RAREER 50 pg/L, FER 34 ng/L,
755 0 5 4 3 -B-D- G A ik R 2 FLA AT (IPTG)
24 pg/mL, BIANEREN 20 pmmol/L). #4 1%
P PR R T RS R Herh, BT 22 C.
250 r/min BHFEIR A TE 5 d, B R0 3 IE1T.

1.5 SrEriei
B MR B A R B0 R Ee k0 E B
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UV2000 58 G EETHE B K A=600 nm B
FE BRI W SEAE A (ODgoo) o

K=Y 6-dEB F| ] HPLC-ELSD #1743
B e e AR - @A N TSK-100V
(5 um, 4.6 mmx50 mm), Jiii# 1 mL/min, Ji3)
MR ZHERIK, SR 50% 6% % . ELSD
R 2% 45 0F . A REE S0 C, KRR
1.6 L/min, H35{4 8.

2 HRE5H

2.1 Insilico M| 5% & F 5

FDCA J5 i AR R4 &k 1 3k T4t A
AR B, AKEEABF 58 h FDCA Jrik
ik, WATE R ERREYEARKOER
% 6-dEB AEWG R (FU T R) 1E AW
A B bR, ST AT, FEX RS
e B AR R R RO i o A AT e, 12408
R E IR . )P BT 6-dEB
A RGRABRTAHER A R4, e 12 4%
FE T S A0 3 PR S A T SE IR B0 E (3 3).

2.2 SRNAsFEARSFHTMEL =

SRNAs:H A O —Fb 7 1 40 7 32 LR 92
B, FEAEWFACE A HsRNA TP AT LUA R
i 55 F0 S S I R 2R3k o AR IR S 00 A A 55
Ak 36 UF 2 F) FH sSRNAsE AR 5Lt , R TART A,
5%} IR 23 ki pACY CDuent- 1A F, 21551k 12
A B 557 5L DR 240 b A K A R i R R
151 40 55 Ak | sr C 5 [5] 1) T A& ODgoo ik 118 (X HR T
ODgoo K 15) ST, 55 k07 1 1) L o5 % B Ak
AR B W R

FomgsAE 12 AR DX 1 3 5 A AL
6-dEB 24 B 25 (& 1B #l 1C), 5¢
W], 551k IsrC. ptsH. ptsl. fadB. ackA #il
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=3 MSUHNERMR
Table3 The potential down-regulated sites

Gene ID Genes Reaction (enzyme)
b3846 fadB Fatty acid oxidation complex
b1514 IsrC Autoinducer-2 ABC transporter
b2415 ptsH The phosphoenolpyruvate: sugar phosphotransferase system HPr
b2416 ptsl Phosphoenolpyruvate-protein phosphotransferase Ptsl
b2296 ackA Acetatekinase
b2297 pta Phosphateacetyltransferase/phosphatepropionyltransferase
b0071 leuD Isopropylmalateisomerase LeuD
b0072 leuC Isopropylmalateisomerase LeuC
b2341 fadJ FadJ component of anaerobic fatty acid oxidation complex
b3115 tdeD Propionatekinase
b1393 paaF Predicted 2,3-dehydroadipyl-CoA hydratase
b3951 pflD Formate acetyltransferase 2
= 20 1
18
16
14 +
g 12¢
SR

Fig. 1

6-dEB titer (mg/L)

Increased rate of 6-dEB yield (%)

60

0
-
s @ & &P &

1 sRNAs 555t E. coli & A% 6-dEB BYE2N

& O @’3 & & &P ¢

Influence of heterologous 6-dEB production in E. coli by using sSRNAs. (A) Cell growth. (B) 6dEB titer. (C)

The increased rate of 6dEB yield.
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pta FEH 51 W E) 6-dEB PR 5 21.3,
19.6. 18.6. 18.2, 17.8 Fl1 17.2 mg/L, iMix MEE
1N 14.3 mg/L. 6-dEB ;=8 5 R0 51 49% .
37%. 30%. 28%. 24%7F 20%. 554k leuD. leuC
1 fadd FE KA 5, 6-dEB Fe& 4058 16.6. 16.4
Ml 16.0 mg/L, EIEEHN 10%20%, 155k
pfID . paaF il tdeD =42 = %/ T 10%. I,
K5 59030 fiBe 4 = 6-dEB SR G . H
Fas b S S AR, AT T&‘bﬂl HAH L
g [F] B 55 4k 22 A BE IH AL A5 AT RE HF — 2D 4R
6-dEB 554 A
23 HEEBNARERENMS

T B G 5 AR AR RE B8 — P iR

NN W
S W O

—_
(]

6-dEB titer (mg/L)
U.

(o]

o

6-dEB SR A A, FATXS IsrC 5 fadB., ackA.,
pta. ptsH. ptsl #47 TAHE TR . HE 2
AL, [R5 4L |srCrackA , |srC+adB ., |srC+ptsl
MWELRIA &, 6-dEB P HEIAE] 22.8. 21.49 F
21.47 mg/L, H7EIE RN 59.9%. 50.4%7F
50.2%; M55k IsrC+ptsH #il lsrC+pta H4G
6-dEB ;=N 14.08 1 20.98 mg/L, XN
46.7%H1 1.3% . M EL= 25, 55 A0 AL R 7 2
Xif LU= R R AR TE 20% LA |, Hd R md s
HAsrC+ptsl, L E AR SRR 54%, S
Ak IsrC EE PR s 7= AR HE , 4175 55 4k |srCrackA
|srC+fadB Fll IsrC+ptsl BB — 2 55 A= 7 14 1
6-dEB 515 & BLBE T o

ekl

\,50
3
& &
C \%‘C \‘;}
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oYield mProductivity
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GX X@ x‘bc'
\‘;} \%& \%‘C

\%@X &
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Fig. 2 Effect of co-repression of the target genes on 6dEB production. (A) 6dEB titer. (B) The increased rate of

6dEB yield and productivity.
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3 it

KA H AT A =240 55 R HF R A
Yy i LT 7 B RS SE AN ™, AR SE RIS L BUS T
— R R BT822 (R A A G B — I S
F1hy B B A 5 1 A A% R el 45 O TR AR ME R A
WAL R A . FEE A SR R AR
R A S, T R T TR 4 3k R R 4%
e 2R TR U T RE . E. coliZk 4]
RUBE AR A R[] B39 2324l 45 48 o 22 1
B DAGE BAR 6 AR L T 2 P2
FDCA J5 % & 3k FFBAFL Al 1 & J& g i) i &
B A3 0 T AR A FIFDC Ay 7k
X KM FF 05 A UG 2k W i A (AL 1 R A T
THRE AT AL B B, £35S 14 S SE R A A
LT 5 ) TR R T b 5 8 2 Ak A W HE R G B
H ) P AR R 174% . L 2920% 30 s 2 1 IR
KB HT S . AFSEFETE. coliZk R4 REEAR
S AL AF 1260 E4TFDCAZM BT, il Sy s T 00 1y
$2& = 6-dEB S 5 U BE BRI . IERH T aX —
TR AE TN B gy T ) AT AT AT

AR 5% 308 5 sSRNAsH A 55 b ol i 15 3 ) e
ARIER, Rk T 6-dEBHIA N . HFFT4s R
T, 594 — SRR N R i S R s A l6-dEB
HIRE 1 HirplsrC (4t LsrABCH.i2 8 ) . ptsH
(T T s s RV R - W ol P 5 A% TG 3R 5 HPr
) FIpts] (G ik i Jes me e oA I 922 - W 1
B RS PTSIE 1) ZE. colihEE Wiz &
FIA14M 20 i 0 i fadB . ackAptady 7l 4 i s
i R S A L N A2 A AR R a- BT | 0 TR TR T iR
5 O o T aX S0 S IS b T 6-dEB A LE
pgz i, HIRERLS R IH6dEBG MIf L %X
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